Organic substances of simple composition, like marsh-gas, ethylene, alcohol, and acetic acid, are deserving of most careful study, not merely on account of their being repre sentative members of numerous and important classes of bodies, but also because they form connecting links between the compounds of inorganic chemistry and the more complicated forms of organic nature.
Two experiments made with nitric acid of 1*2 sp. gr. and lactic acid did not give the desired result. At a low temperature no action appeared to take place, and at a higher temperature, or with more concentrated nitric acid, only the formation of oxalic acid could be expected.
It is well known that platinum when alloyed with silver is dissolved by nitric acid. If therefore appeared not unlikely that lactic acid, when mixed with alcohol, would be oxidized at a moderate temperature by nitric acid. The experiment was made with a mixture of equal weights of lactic acid and alcohol and a suitable quantity of nitric acid, on the plan which I employed for the preparation of glyoxylic acid, An acid was thus obtained which, when treated with lime, furnished neither glyoxylate nor lactate of 3 o 2 lime. The salt obtained was white and crystalline, required more boiling water for its solution than either C2 H Ca 0 3 or C3 H5 Ca 0 3, and, when the hot solution cooled, separated therefrom in white crystalline crusts. The following experiments confirm this composition:-The solution of the compound C5 H g Ca2 0 7 yields with lime-water a white precipitate, which immediately after its formation is found to be soluble in acetic acid; this precipitate, however, after the lapse of some time, or by exposure to a temperature of 212°, becomes insoluble in this acid. The same property distinguishes the soluble glyoxylates. I f the formula C2 H Ca 0 3+ C 3 H 5 Ca 0 3+ H 2 O be the correct expression of the compo sition of the salt in question, then a quantity represented by the above formula ought to be decomposed by boiling lime-water into one atom of lactate, half an atom of glycolate, and half an atom of oxalate of lim e; the quantity of the latter may be easily determined. 0*76 grm. of the substance was dissolved in water and boiled with an excess of clear lime-water until the decomposition was complete; in order to prevent carbonate of lime from mixing with the precipitate, a slight excess of acetic acid was added; the preci pitated oxalate of lime was collected on a filter and converted in the usual manner into carbonate of lim e; the weight of the latter was found to he 0*168 grm., which corre sponds to 28*3 per cent, of oxalate of lime. The formula C5 H 8 Ca2 0 7 requires 29*0 per cent, of oxalate. In order to confirm the conclusion to be drawn from this experiment, the substance C5 H 8 Ca2 0 7 was prepared from lactate and glyoxylate of lime. For this purpose equivalent quantities of C3 H 5 Ca 0 3 and C2 H Ca 0 3 were respectively dissolved in the least possible quantity of boiling water, and the solutions were then mixed. From the cooling liquid a large quantity of crystals separated, which were identical in properties with the body C5 H 8 Ca2 0 7. Two determinations of the solubility in water of L, the substance prepared as just described, and of II., the body obtained by the oxida tion of a mixture of lactic acid and alcohol by means of nitric acid, placed the identity of the two substances beyond a doubt. The tendency to form this double salt is perhaps the reason why the oxidating influence of the nitric acid only affects the alcohol and does not extend to the lactic acid.
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Compounds o f some Glyoxylates.
a. Glyoxylate of Lime and Ammonia.
Pure and well-crystallized glyoxylate of ammonia was dissolved in the least possible quantity of hot water, and the solution thus obtained was divided into two equal parts. One part, on being mixed with chloride of calcium, assumed the appearance of a transpa rent jelly, which resembled silicic acid when precipitated by hydrochloric acid from a con centrated solution of silicate of potash; the vessel, in fact, could be inverted without any portion of its contents being lo st; after the lapse of a few hours white opaque points were observed in the jelly, which gradually increased in number and magnitude, until at last the whole of the jelly-like substance was converted into a fine crop of prismatic crystals; these were found to agree in form and other properties with glyoxylate of lime.
To the other part of the solution of glyoxylate of ammonia a mixture of chloride of calcium and acetate of ammonia was added. In this instance no immediate change took place, but in the course of twenty-four hours a white precipitate, a compound of glyoxylate of lime and ammonia, made its appearance; the precipitate was collected on a filter, washed with cold water, and dried over sulphuric acid. The calculated numbers do not agree very well with those found by experiment; the differences, however, are not greater than those which might be expected from the circumstance of the analysed substance having been obtained in the form o f a preci pitate.
If, therefore, glyoxylate o f ammonia be decomposed by acetate o f lime, acetate of ammonia and glyoxylate o f lime are formed; the latter, however, withdraws a part of the ammonia from the acetate of ammonia, and thus produces the compound which has just been mentioned. Some grammes of this substance were mixed with oxalic acid solution sufficient to convert two-thirds of its lime into oxalate. I f the composition ascribed to the compound be correct, the filtrate from the oxalate of lime ought to contain glyoxylates of lime and ammonia; the filtered liquid was evaporated over sulphuric acid in vacuo, when a crust, consisting of small prisms arranged round a common centre, remained. This substance was repeatedly reerystallized from water; and in each process the crystals which form first, were separated from those which made m DEBITS ON SOME COMPOUNDS AND DERIVATIVES OE GLYOXYLIC ACID* 4 4 3 their appearance after a half or three-quarters of the solution had been evaporated. In this manner two kinds of crystals were obtained: those which separated first* were found to be identical with glyoxylate of lim e ; and those which formed last, possessed the properties o f glyoxylate of ammonia. This experiment, therefore, confirms the for mula 3(C2H C a 0 3), 2 N H 3+ H gO, which was deduced from analytical results.
A compound o f a similar nature may be directly obtained from glyoxylate of lime and ammonia. For this purpose a hot and concentrated solution of C2H C a 0 3+ H 20 is to be mixed with a few drops of ammonia, and filtered; ammonia is then to be added to the filtrate so long as a precipitate forms; the latter is to be collected and washed with cold water. The compound, thus prepared, possesses the same properties as the one obtained from glyoxylate Of ammonia and acetate of lime.
The analytical results were as follow :- This compound, therefore, differs from the preceding one by containing one atom of water less.
I f a quantity of this substance be treated with oxalic acid solution, sufficient to convert its lime into oxalate, the supernatant liquid comports itself like a solution of glyoxylic acid and glyoxylate of ammonia. This substance, on being pounded in a mortar, became highly electrical. A solution of crystallized glyoxylate of ammonia in ammonia, when raised to tempera tures below 212°, turns brown, and forms derivatives of an acid character; neither these substances, however, nor their salts could be obtained in crystals.
The compounds of ammonia with the glyoxylates are easily decomposed by heat, and by nitric acid and other reagents; the products of decomposition could not be exa mined, because their physical properties precluded their preparation in a pure state. An experiment, which showed the attraction between glyoxylates and ammonia, may be mentioned here. If a quantity of 3(C2 H Ca 0 3), 2N H3 be boiled with caustic potash, a part of the ammonia is very slowly expelled; if the liquid be evaporated to dryness, and the residue be raised to a higher temperature, it assumes a beautiful purple colour, and at the same time emits streams of ammonia. This red substance is very changeable, and is formed, 'even under the most favourable circumstances, in but very small quan tities.
Action o f Hydriodic Acid on
Hydriodic acid and glyoxylate of lime were heated together for several days in sealed glass tubes, the temperature varying from 100° C. to 110° C. In order to decompose a part or the whole of the hydriodic acid, the contents of the tubes were exposed for some time to the influence of the atmosphere, and finally saturated with carbonate of lime. The whole was then boiled and filtered, and the filtrate mixed with alcohol. A precipitate was formed which proved to be a quantity of glyoxylate of lime, little infe rior to that which was originally taken for the experiment.
Action o f Sulphuretted Hydrogen on .
Through a concentrated solution of glyoxylic acid a current of sulphuretted hydro gen was passed until the liquid appeared to be completely saturated; no perceptible action took place, and even after twenty-four hours' contact the liquid seemed to be unchanged. The solution was now evaporated, at first over pieces of hydrate of potash, and afterwards over sulphuric acid in vacuo. As soon as most of the water was gone, small needles, radiating from a common centre, began to form, and at last the whole o f the contents of the evaporating-basin appeared one mass of crystals, which were found to be soaked with a syrupy mother-liquor, and to be so easily soluble in the ordinary means of solution, that all attempts at further purification were abandoned. A solution of glyoxylate of lime comports itself like glyoxylic acid when acted upon by sulphuretted hydrogen; it apparently remains unchanged; but on allowing a part of it to evaporate at ordinary temperatures in v a c u o , a brittle, transparent and amorphous com obtained.
In order to avoid the inconvenience of evaporation in , the rest of the glyoxylateof-lime solution, after having been treated with sulphuretted hydrogen, was mixed with a little more than its bulk of alcohol. Nearly the whole of the new compound sepa rated as a precipitate, which was collected on a filter and washed with spirit of wine.
Thus prepared, the substance easily dissolved in water, forming a solution of a pale pink colour. The liquid, after the evaporation of the water in vacuo, left a transparent amorphous and nearly colourless substance. This compound is the lime-salt of an acid which bears a similar relation to glyoxylic acid that thiacetic acid does to acetic acid. In the state of powder it exhibits a striking property when brought in contact with water; it becomes as viscous as glass when rendered red-hot by means of a Bunsen's burner, and may be drawn out in long threads. By degrees the water dissolves the viscous mass, and forms a solution which shows the following properties with reagents: -A white precipitate is formed by the addition of acetate of zinc or corrosive sublimate; acetate of lead or nitrate of silver throws down a yellow precipitate; and sulphate mdccclxiii.
3 p of copper causes the immediate separation of a black substance, which is probably sulphuret of copper. Both the silver and the lead precipitates turn black, the silver after the lapse of some time at ordinary temperatures, and the lead at once on exposure to a temperature of 100° C. Hydrochloric acid produces no perceptible change in the aqueous solution of the compound; ammonia causes the formation of a white precipi tate; and lime-water the same result as it does with glyoxylate of lime. The brown colour of iodine immediately disappears, as it does in solutions of other sulphur com pounds, such as xanthate of potash. Sesquichloride of iron acts like iodine. The solu tion of this sulphur compound, when boiled, decomposes; it turns yellow; a crystal line powder of oxalate of lime separates; and a lime-salt, which could not be obtained in crystals, remains in solution. The compound bums on a hot piece of platinum foil like tinder, and evolves, when heated in a glass tube which is sealed at one end, an odour like that of mercaptan.
_ . . In order to obtain some guarantee for the homogeneous nature of the substance, a powdered quantity of it was well mixed and digested for a long time with such a quan tity of very dilute spirit of wine as was required to dissolve about half of it. The undissolved portion will be called S, the dissolved part S', S' was obtained by evapo rating the solution wherein it was contained; both S and S' were prepared for analysis by being dried over sulphuric acid in The homogeneity of the substance may be considered as proved by the identity in com position of S and S'; and its formation would be represented by the following equation:-2(C2H Ca Os+ H 2 0 ) + H 2 S = C 4 H 2 c % g 5} + 3H 2 O.
Glyoxylate of lime. ' /)
The crystalline derivative from sulphuretted hydrogen and glyoxylic acid just men tioned is probably represented by the formula C4 H 4 5V , N either the salts prepared from this acid, nor the compounds obtained by exchanging the calcium in C4H 2 Ca2°51 + 3H 2O for other metals could be obtained in crystals; S J and therefore I did not pursue the investigation of these bodies.
'
Action o f Zinc on Glyoxylic Acid. A concentrated solution of this acid dissolves pure zinc without evolution of hydrogen gas, and the liquid at the same time becomes perceptibly warm; the reaction very soon ceases. Even if metal and acid be left in contact for a day or two at ordinary tempera tures, the liquid will still contain a considerable portion of unchanged glyoxylic acid. The process may be accelerated, and may in fact be completed in the course of eight or ten hours, by exposing the reacting substances to a temperature of about 80° C. The previously colourless liquid will then have assumed a yellow colour, and does no longer contain glyoxylic acid or glyoxylate of zinc. The pieces of undissolved zinc are found to be covered with a small quantity of a white crystalline powder. The following experiment proves that no hydrogen is liberated in this reaction. 0*906 grm. of glyoxylic acid and a few pieces of zinc were placed in a flask and the vessel nearly filled with w ater; a perforated cork holding a bent glass tube was then attached to the mouth of the flask, the other end of the tube being placed under a graduated receiver filled with mercury. The flask was then warmed to nearly 100° C., and kept at this temperature for ten hours, after which time no more gas was given off. The apparatus was found to be air-tight both before and after the experiment. The quantity of the gas which was collected, when measured at 11° C., was 10 cub. centims.; it possessed the properties of atmospheric air. I f one atom o f hydrogen had been set free for each atom of glyoxylic acid which was taken, the 0*906 grm. of acid ought to have liberated 0*0122 grm. o f hydrogen; this quantity measures 135 cub. centims. at 0°G. and 0*76 in. pressure.
Some years ago I directed attention to the following considerations*. Among the products formed by the action of nitric acid on alcohol, which remain after the more volatile substances have been evaporated on the water-bath, are three acids, glycolic acid, glyoxylic acid, and oxalic acid. These bodies show the same differ ences in composition as benzylic alcohol, oil of bitter almonds, and benzoic acid.
